The extract of the stem bark of Siberian ginseng, Acanthopanax senticosus Harms (ASH), is believed to play a body-coping role in stress through a brain noradrenergic mechanism. The present study was carried out to investigate the effect of ASH on the neuronal activation patterns of c-Fos expression in the rat brain. With ASH administration, c-Fos accumulated in both the supraoptic nuclei (SON) and paraventricular nuclei (PVN), which regulate stress response. Only the caudal regions in the nucleus of the solitary tract (NTS), a locus innervating both the SON and PVN, were activated. Such a neuro-anatomical pattern associated with ASH suggests the possible involvement of these stress-related brain loci.
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Key words: Siberian ginseng (Acanthopanax senticosus Harms); neuronal activation; hypothalamus; medulla oblongata; anti-stress effects Siberian ginseng, Acanthopanax senticosus (Rupr. et Maxim) Harms, ASH, a relative of Asian ginseng (Panax ginseng), grows abundantly in the taigas of South-East Russia, in North-East China, Korea, SouthEast Asia, and on the island of Hokkaido in Japan. 1) Considered a classical adaptogenic agent, ASH has been found to stimulate the CNS by modulating its stressresponse system leading to a sense of euphoria and increasing mental alertness and concentration (Panossian and Wagner, 2005).
2) Further, the anti-stress effects of ASH have also been found to mediate some of the substances, syringin 2, 3) and chlorogenic acid, 4, 5) acting in the brain. We have also previously demonstrated antistress property of ASH and its components, e.g.,
, by dampening of gastric ulceration in rats induced by water-restraint stress.
3) The mechanisms of stress-induced gastric ulceration implicate, among other things, brain-driven mechanisms such as changes in levels of biogenic monoamines, viz., noradrenaline (NA), dopamine (DA), and serotonin, in discrete brain regions. 6, 7) On a similar note, ASH activates GABA-ergic 6) and monoaminergic neurons triggering the release and turnover of dopamine, noradrenaline (NA), and serotonin in the cortex and anterior hypothalamus. 7, 8) The possible roles of these brain loci, responsible for the anti-stress activity of ASH, remain to be determined. To address this, we delineated the responsive brain loci after oral administration of ASH by examining c-Fos expression, a marker of neuronal activation. We focused on the hypothalamus and the brain stem, regions associated with NA metabolism.
Stem bark of ASH harvested in the eastern part of Hokkaido was extracted successively with 100% ethanol, 50% ethanol, and hot water. After the extracts were pooled, ASH extract was authenticated by reverse-phase HPLC (apparatus, ERC-8710 (EMA); column, ERC-ODS, 3 m, 6 mm Â 100 mm, eluent; CH 3 CN-H 2 O-HCOOH, 15:85:1, flow rate; 1 ml/min; detection; UV at 270, 275, and 345 nm; room temperature). Our results identified the following components in mg/100 g: isofraxidin, 55; syringaresinol di-o--Dglucoside, 1,156; syringin, 454; chlorogenic acid, 1,473; isofraxidin-7-o--D-glucose, 109; sesamin, 10.6. 9) Animal experiments were carried-out according to the 1996 NIH guidelines for animal care as approved by Tsukuba University. Nine-week-old male Spraguey To whom correspondence should be addressed. Tel/Fax: +81-29-853-2620; E-mail: hsoya@taiiku.tsukuba.ac.jp Dawley rats (250-300 g) were group-housed (three per cage) and acclimatized under laboratory conditions (temperature, [22] [23] [24] C; humidity, 60 AE 10%; fixed light-dark cycle, lights on 0800 to 2000 H) for 10 d prior to the feeding experiment. Food (MF, Oriental Yeast Company, Tokyo) and water were given ad libitium. ASH (100 mg/kg b.w.) was administered with a feeding tube to seven randomly chosen animals. The dosage used was sufficient to increase the levels of catecholamines in the rat hypothalamus.
9,10) Control rats (n ¼ 7) were given water (vehicle alone). After 3 h, the animals were anesthetized with sodium pentobarbital (100 mg/kg body weight), perfused intracardially with heparin and buffered paraformaldehyde, and dissected. Serial frontal sections (40 mm thick) of the brain were dehydrated and immunostained for c-Fos using a free-floating tissue section technique, as described. [11] [12] [13] Sections were examined by standard microscopy and plotted by computer-assisted camera lucida mapping. The three sections containing the parvicellular part of the paraventricular nucleus (pPVN, À1:80 to À1:88 mm from the bregma), the supraoptic nucleus (SON, À1:4 mm from the bregma), the nucleus of solitary tract (NTS, À13:3 to À14:3 mm from the bregma), and ventrolateral medulla (VLM, À13:3 to À14:3 from the bregma) that most closely matched the Paxinos and Watson rat brain stereotaxic atlas (1998) 12) were counted for each animal. Student's unpaired t-test was conducted to determine group differences (ASH vs. control). Values at p < 0:05 were regarded as significant.
Given that pPVN and magnocellular neurons in the SON project to the median eminence and the posterior pituitary respectively and regulate release of ACTH in the anterior pituitary, 15) we examined neuronal activation patterns within these regions and their projections from the medulla oblongata and pons. Shown in Fig. 1A are the c-Fos expression patterns in the PVN and SON 3 h after a single oral dose of ASH. In agreement with a previous study, which indicated that the striatum and hypothalamus are the preferential targets of ASH, 10) our analysis indicated that ASH significantly induced c-Fos expression in the PVN and SON (p < 0:05) when compared to the controls. Furthermore, c-Fos labeling in the PVN was restricted to the parvicellular but not the magnocellular subdivision. There were also low but detectable levels of c-Fos activation in the control groups that received water only, which can be a result of stress experienced from forced drinking. 16 ) Investigation of c-Fos activation is of value in the study of PVN activation by a variety of stress stimuli, because the induction of the AP-1 protein is regarded as an early step in the stimulation of hypothalamic CRF/AVP synthesis. 17) Although this report offers the first evidence of c-Fos activation in the PVN in response to ASH, there have been previous reports of c-Fos modulation, albeit in the hippocampus, due to an aqueous extract of ginseng radix in rats. 18) Cell bodies containing noradrenergic neurons viz., the nucleus of the solitary tract (NTS; A4), ventrolateral medulla (VLM; A1), and nucleus locus coeruleus (A6) of the pons, are also activated by various stress stimuli, inducing ACTH release. 19) Given the marked heterogeneity in neuroendocrine responses, we also analyzed various areas of the medulla oblongata: the cuneate nucleus (Cu), gracile nucleus (Gr), lateral reticular nucleus, parapyramidal tract (Py), spinal tegmental nucleus (Spn), and rostroventrolateral and caudoventrolateral reticular nuclei (RVL/CVL), and the ponsmidbrain, the cuneiform nucleus (Cn), A6, dorsal raphe nucleus (DRC), inferior colliculus (IC), lateral/ventral parabrachial nuclei (PBC), A5, A7. As shown in Figs. 1  and 2 , only the NTS and VLM showed marked c-Fosimmunoractivity ( Figs. 1 and 2) . While the number of cFos-(+) cells in NTS increased with ASH (p < 0:05), VLM failed to show statistical significance despite intense staining patterns. The observed increase in cFos-immunoreactivity in the NTS was prominent in the caudal part (Fig. 1B, left ). An unexpected result of our study is the failure to detect significant VLM activation (Fig. 1B, right) . This can be explained by the fact that the patterns of A1 and A2 neural activation are peculiar to specific types of stresses. For example, forced swimming, hemorrhage, and restraint stress activate both A1 and A2, 20) whereas conditioned fear/emotional stress and cholecystokinin, an aversive agent, preferentially activate A2. 21) Nevertheless, modest caudal activation of VLM is associated with a rise in blood pressure, 22) due to the stress experienced by the rats during handling.
We have confirmed that ASH increases NA and its turnover, especially in the anterior hypothalamus, 5, 9) but alone it did not cause development of gastric erosions. This is clear from the results of a separate experiment in which we measured the gastric erosion index (GEI) to restraint stress (RS) in eight rats per treatment: ASH alone (0), water alone (0), water + RS (56:25 AE 3:82), and ASH + RS (23:75 AE 3:84). The significant difference (p < 0:01) in GEIs between stressed rats given ASH or vehicle validates our initial report on the protective effects of ASH against gastric erosion. This is supported by previous findings that NA inhibits ulceration (Szabo, 1979) , 23) as well as gastric acid secretion (Glavin et al., 1991). 6) Considering our data, it is likely that drinking ASH extracts acts on neural pathways that are common to those triggered by aversive and emotional stresses. If so, would previous exposure to milder stress help an organism to deal with the future onslaught of stressinduced physiological disturbances, e.g., stress-induced gastric ulcers? For rats that underwent intraventricular administration of prolactin-releasing peptide (PrRP), at low doses alone insufficient to induce ACTH, we previously found a reduction in plasma ACTH response associated with moderate running stress (Ohiwa et al., 2007) . 13) Taking this into account, we hypothesized that prior mild stimulus exposure due to ASH ingestion, as revealed by the brain pathways that recapitulate emotional stress, can lead to a hormetic-like reduction in restraint stress-induced gastric ulcerations. Collectively, evidence for the cytoprotective effects of ASH via modulation of brain functions is probably associated with activation of the NTS and SON/PVN, two of the most important loci in regulating stress response via the NA system (Pacak, 2001 ), 19) although it is still a matter of debate how these responsive loci are involved in the development of cytoprotective effects. Positive Cells at Selected Caudal to Rostral Levels. Three h after ASH (left) and water (control/vehicle, right) intake by rats, the various brain loci were analyzed for c-Fos expression by immunocytochemistry. The bregma numbers refer to the sterotaxic planes as described in the rat atlas. 14) One black dot signifies three c-Fos-(+) nuclei.
